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I 
The water hyacinth (Eichhornia crclsoipes) mny be used as a sensitive biological indkator for continu- 
ously monitoring trace quantities o f  toxic heavy metals in aquatic system. A river water system polluted 
with cadmium was simulated while other factors of temperature, day-nigh! cy&-, ?rater quality, and light 
intensity remained constant. When the waler hyacinth is maintained in river water containing 0.Wl mdl. 
of cadmium chloride. the plant's root system wil l  concentrate this element MI an average rate of 0.9, 1.4, 
and 3.0 f ig  Cdg root dry weight after 24, 48, and 72 hr exposure periods. respectively. At a higher 
cadmium concentration of 0.01 mrJI.. cadmium wy6 concentrated in the roots much faster to levels of  6.8, 
13.6, and 3Y.l pg/g root after 4, 8, and 24 hr exposure periods, respectively. At  initial concentrations of 
0.05 mg/I. cadmium, the roots contained 29.5.48.8, pnd 156 p d g  root following 4.8, and 24 hr exposure 
periods, respectively. During these snme time intervals, the water hyacinth sorbed 56.7.153. and 281 pg/g 
root when the initial cadmium concentration was increased to 0.10 mdl. 
The water hyacinth tops can also assist in the monitoring process when cadmium contamination levels 
are 0.10 mdl. and greater. At  this initial cadmium concentration, cadmium is translocated into the tops. 
Af l r r  8 hr, the tops averaged 1.1 pg/g top. After 24 hr, thb: concentration was i n c r e d  to 6.1 LL& top. 
Introduction 
C'adniium is a toxic, heavy metal which can pre- 
scnl ;I serious threat to human health. Toxic effects 
from this heavy metal are well documented. Excess 
lcvels of ciidmium can cause kidney and liver dam- 
iige, pulmonary disease, and cancer in experimental 
animals ( /A) .  Chronic low levels of cadmium may 
contribute to hypertension, decreased growth, and 
alterations in blood cholesterol and trace element 
metabolism (5) .  
Heavy metals present a serious form of pollution 
in aquatic systems since they do not degrade as do 
most organics. Even trace quantities of toxic metals 
in water systems are serious potential health prob- 
lems because of the ability of certain aquatic plants 
l o  concentrate heavy metals which are then con- 
sumed by tish that form a part of man's diet (6, 7). 
Using biological indicators such as plants for 
nionitoring both air and water pollution has been 
-wogniLed and used to a limited extent over the 
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years. Mosses and lichens strongly sorb metal ions 
from the air and water and are useful for detecting 
atmospheric and aquatic lead and other metal con- 
tamination (8-10). Leaves and twigs of woody 
plants have also been used to indicate atmospheric 
pollution ( 1 1 ) .  
One of the most promising candidates for biologi- 
cal indicators of trace levels of heavy metals in 
aquatic systems is the water hyacinth (Eichhorniu 
crussipes). In static laboratory experiments, this 
plant demonstrated an amazing ability to sorb and 
concentrate cadmium, as well as other metals such 
as mercury, lead, and nickel ( /2 ,  I.?). Water 
hyacinths have been used successfully by NASA at 
the National Space Technology Laboratories to re- 
move organics and heavy metals from its chemical 
waste prior to discharge (14). I n  the course of this 
system's evaluation. water hyacinths were found to 
contain detectable levels of heavy metals, espe- 
cially in the roots, although these same heavy met- 
als in the waters were below normal detection limits 
by atomic absorption-flame spectrometry. The 
study presented in this paper is an outgrowth of this 
observed phenomenon. Water hyacinths are used to 
develop a rapid, biological monitoring system for 
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establishing cadmium pollution in the aquatic envi- 
ronment. 
Procedure 
For each different cadmium concentration, 
twelve glass aquariums were filled with 15 liters of 
river water. Nine of the aquariums were polluted 
with sufficient IO00 mg Cdl .  standard solution to 
produce an approximate initial cadmium concen- 
tration of 0. I mg/l. for run 1, 0.05 mg/l. for run 2, 
iind 0.01 mg/l., for run 3. Three aquariums were left 
unpolluted. Four groups of nine water hyacinths 
were thoroughly washed and placed in three of the 
polluted containeis and one of the unpolluted con- 
tainers. After 4 hr, three plants from each aquarium 
were removed for analysis, and the remainder of the 
plants were transferred to four fresh aquariums. 
This procedure was repeated again after 8 hr. Each 
cxperinient was terminated after 24 hr. 
For run 4, twelve glass aquariums were filled with 
30 liters of river water. Nine containers were pol- 
luted t o  an approximate cadmium concentration of 
0.001 mdl .  'The experiment was conducted in the 
4ame manner as outlined above, except the plants 
were removed and transferred at 24. 48, and 72 hr 
intervals. 
During each experiment, the plants were main- 
tilined with growth lights supplying approximately 
500 FC' to the plants during a 16 hr photoperiod and 
K hr  nyctoperiod. The air temperature was 23 2 5°C. 
I'he initial unpolluted river water samples were 
linalyzed according to Stundurd Methods (15) and 
found to contain the following average concentra- 
tion: 0.25 mgA. total Kjeldahl nitrogen; < 0.13 mgll. 
phosphorus; 52 mg/l. dissolved solids; 9 mgll. total 
organic carbon; pH 6.9. The initial cadmium con- 
centration of 0.1 pdl. was determined with an IL 
555 llameless atomizer and an IL 351 A N A E  spec- 
I rop h o  t ome ter. 
I hc ruots and tops of the plants to be analyzed 
were separated, washed, dried at  60°C to a constant 
weight. ground, and homogenized in a Waring 
Ulendor. A 0.500 g of each plant sampie was 
weighed and transferred to a 75 ml volumetric di- 
gestion tube. The plant samples were charred at 
400°C with 10 ml concentrated H3S04 for 2 min and 
then digested for 20 min at 400°C with an additional 
10 ml concentrated HNO,. The samples were al- 
Imved to cool, and then 2 m l 3 W  HzOz was added. 
The tubes were again heated to 400°C for 10 min. 
Following the digestion process, the samples were 
diluted to volume with deionized, distilled water, 
iilld the cadmium content determined by flame 
spectrometry by using an IL 351 A N A E  spec- 
trophotometer. A reagent blank was also digested in 
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the same manner. and any cadmium introduced into 
the plant samples from the reagents was subtracted 
from cadmium concentrations in the plants. 
Discussion 
The experiments for assessing the potential of 
using water hyacinths as  biological indicators for 
estimating the level of cadmium pollution in aquatic 
systems were designed to simulate real conditions. 
A fresh volume of polluted river water was supplied 
to the plants at regular intervals. The cadmium con- 
centrations were varied while other factors of tem- 
perature, day-night cycle, water quality, and light 
intensity remained constant. The data in Tables 1 
and 2 are the results of this series of four experi- 
ments. 
The first experiment conducted with 0. I mg Cdl .  
was a relatively high cadmium concentration for 
potable or recreational water systems. The water 
hyacinths were found to average 56.7 p g  C d g  root 
(dry weight) after only 4 hr of exposure. The con- 
centration in the roots continued to increase to an 
average of 153 pg/g root after 8 hr and 281 pg/g root 
after 24 hr. At this high cadmium level, cadmium 
was first detected in the leaves after only 8 hr of 
exposure. 
The concentration in the second experiment was 
decreased to 0.05 mg Cdl. The quantity of cadmium 
sorbed per gram dry root weight over the same time 
intervals was almost exactly half of the concentra- 
tions found at the 0.1 mg C d l .  level. The cadmium 
was concentrated to average levels of 29.5, 48.8, 
and 156 pg/g root after 4, 8, and 24 hr, respectively. 
No cadmium was detected in the leaves of these 
plants, nor was any cadmium detected in the leaves 
of any of the later experiments. 
This same trend was also observed in the third 
experiment when the cadmium concentration was 
decreased to 0.01 my'i. The cadmium concentra- 
tions in the roots averaged 6.8. 13.6, and 39.1 pg/g 
root after 4. 8, and 24 hr, respectively. 
The exposure time in the fourth experiment was 
increased in order for the water hyacinths to ac- 
cumulate sufficient cadmium at the 0.001 mgll. level 
to be detected by the procedure outlined above. 
This very low concentration of cadmium in the 
water had to be determined by atomic absorption 
using a flameless atomizer. The cadmium in the 
water could not be detected without concentrating it 
if the normal method of atomic absorption-flame 
spectrometry had been used. The first root samples 
analyzed after 24 hr exposure contained an average 
of 0.9 pglg root. This concentration was far less 
than the expected value of one-tenth of the 39.1 
162 Environmental Health Perspectives 
Table 1. Average cadmium uptake within 24 hr." 
Cd. UR/R drv weinht . - -  ~ - -_ 
After 4 hr After 8 hr After 24 hr l i i i t i i l l  Cd concn 
in river water. 
m ~ l  . Tops Roots Tops doots Tops Roots 
0. I < 0. IS 56.7 2 16.9 1.1  2 0.9 153 2 14.0 6.1 c 1.9 281 5 9.0 
156 ? 4.2 0.05 (0.15 29.5 2 16.1 c0.15 48.8 ? 17.1 < 0. I5 
0 . U I  < 0.15 6.8 t 1.9 < 0. I5 13.62 1.9 ~ 0 . 1 5  39.1 2 5.6 
0.09 t 0.3 - - - < 0.15 0.001 
~~ 
-. ____ ~ . .. -. . - 
'' 'lops and roots of plant controls contained < 0. I 5  p g  Cd/g dry weight after 24 and 72 hr. 
'I'rrblr 2. Average cadmium uptnke in 0.001 mq CUI. 
Cd, d g  dry weinht 
~ 
y1 
nc 
. 
Exposure time, hr Tops Roots 
24 < 0.1s 0.9 5 0.3 
41 < 0. I5 1.4 T 0.2 
72 < 0. I5 3.0 2 0.5 
. 
FIGURI I .  Average amount of Cd sorbed by the roots under 
dlfierent Cd concentrations and exposure times. (The circled 
point represents the amount of Cd sorbed after 8 hr when 
exposed to 0. I mul. Cd and was not used in the least-squares 
aiiitlybis. The standard deviation for this point varied by 
M%.) 
pglg root found after 24 hr of exposure in 0.01 mg 
CdI .  However, the 24,48, and 72 hr samples dem- 
onstrated a fairly consistent linear relationship of pg 
C d g  root (D.W.). 
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FIGURE 2. Average amount of Cd sorbed by water hyacinths vs. 
time on exposure to a Cd concentration of 0.001 mg/l. in river 
water. 
Conclusions 
The data from Table 1 were plotted in Figure I ,  
which demonstrates how a family of curves can be 
used to estimate low levels of cadmium in river 
water utilizing water hyacinths. At very low levels 
of cadmium this graph must be expanded as in Fig- 
ure 2. 
The leaves were found to be useful for estimating 
high cadmium concentrations. At the highest level 
of cadmium in this study, the leaves contained de- 
tectable levels of cadmium even after 8 hr of expo- 
sure. 
The sorption rates of cadmium as well as other 
toxic heavy metals will vary from one system to 
another depending on environmental factors. How- 
ever, the data necessary to obtain a family of curves 
such as Figure I for a particular aquatic system can 
be obtained without much difficulty. 
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